SES(U) ALBE UNIV EDNON i1

S

DEPT OF STATISTICS AND APPLIED PROBABILITY R J ELLIOTT
8 OCT 87 AFOSR-TR-87-1930 AFOSR-86-8332

UNCLASSIFIED F/G 1273 NL




i 5
T
e =y
f ENIE

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1963-A

‘ 0"" LN .. ..."..‘I .
'“. l !“ 0‘..‘ N

m,‘ ‘0 .‘.-.._\ “ .'
ot

\ "%y -I‘D"finl‘v W m ,.u"“
‘ 3




b TEFTAFTEIIALTIERY . mMITEs vl mivE N e T || e i as = 0 & 70 & 70

AD-A189 701

REPORT DOCUMENTATION PAGE

1s. REPORT SECURITY CLASSIFICATION e Tb. RESTRICTIVE MARKINGS
;':‘ / 1 Y
2a SECURITY CLASSIFICATION AUTHO " g yem s 3 OISTRIBUTION/ AVAILABILITY OF REPORT I |
 m LiECTE

HED Appraved for puhlic ~=lease;
JAN O 7 1988 distritutionunlimited.
S MONITORING ORGANIZATION REPORT NUMBER(S)

2b. DECLASSIFICATION / DOWNGRADIN

4 PERFORMING ORGANIZATION RE

G IFOSR-'m. 87~ 1930
6a. NAME OF PERFORMING ORGANIZATION 6b OFFICE SYMBOL | 7a. NAME OF MONITORING ORGANIZATION j
(1f applicable) =~ T®

University of Alberta AFOSR/NM

6c. ADDRESS (City, State, and 2IP Code) b A W , State, and ZIP Code)
Edmonton, Alberta, Canada ”89?
T6G 261 Bldg 410
Bolling AFB D¢ 20332-8448

8a. NAME OF FUONDINGISPONSORING 8b. OFFICE SYMBOL 9 PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER

ORGANIZATION (if applicabié) ; -

N\ A , N 2 '
AFOSR NM AFCSK - G - C33F
“A’}%%'ii ity, State, and ZIP Code) . i 10 SOURCE OF FUNDING NUMBERS
410 PROGRAM PROJECT TASK WORK UNIT

Bldg ELEMENT NO. NO. NO. ACCESSION NO

Bolling AFBDC 20332-8448 f1102F 2304 Al .
11. TITLE (Incluce Security Classification) :

Filtering of Jump Processes
12. PERSONAL AUTHOR(S) .
. Dr. Robert J. Elllott
13a. TYP‘E OF RgPORT . 13b. TIME COVERED 14. DATE OF REPORT (Year, Month, Dey) NS. PAGE COUNT
Interim Scientific FROM 9/30/86 109/30/87 874414 Ty O $)
16. SUPPLEMENTARY NOTATION
17 COSATI CODES 18 SUBJECT TERMS (Continue on reverse !f necessary and identify by biock number)
FIELD GRQUP SUB-GROUP ? Filtering,’ stochastic control’, minimum principle;

martingale representation, probability densities;
Malliavin calculus. <+~
19 ABSTRACT (Continue on reverse if necessary and identify by block number)

The focus of this research is the filtering jump processes. To investigate the

filtering of manifold-valued processes, their approximation by random walks and Markov
chains was studied. The object was to approximate a signal process by a finite-state
jump process ofr which a finite-dimensional filter is available. Four p?al?ers were
published during the past year, including "The existence of smooth densities for tl"le
prediction, filtering and smoothing problems" and "The partially observed stochastic

mininum principle'’. ,
20. OISTRIBUTION / AVAILABILITY OF ABSTRACT 21 ABSTRACT SECURITY CLASSIFICATION
O uncLassisieounumiteo [ same as RPT- (] oTic USERS
22a. NAME OF RESPONSISLE INDIVIOUAL 22b. TELEPHONE (include Ares Code) | 22c. QEFICE SYMBOL
dal, James M. Crowley LQL;)E“A‘ “Z('_.Q’?
DO FORM 1473, 84 mar 83 APR edition may be used until exhausted. SECLRITY CLASSIFICATION OF “WiS PAGE

All other editions are Obsolete.

P4
4
.

»Uncl ified.
87 Y

P " qn"-{-,-\--'.-'..,-‘(-("-' ‘n'l.’...' LI " ‘...
O A AT AN AT A s T A A g e ‘ P e e



K}

.!
L

)

o AFOSR-86-0332
. l .' 0.){{ o K. .

" ©?-ig93¢g

o FILTERING OF JUMP PROCESSES

¥

¢
j: (Research title changed to 'The existence of smooth densities for the

f prediction, filtering and smoothing problem' from 01 October 1987.)

: RS TT ]
" NTE d

0 Crie Ao L)

. Robert J. Elliott G e .

o Department of Statistics and Applied Probability jw;a;,aff o
’ University of Alberta A S St
. Edmonton, Alberta .

4 Canada T6G 2G1 By oo
2 Ot ube !

R et mm - = U ———
4 Aoaiat oy Tades

3: T Lo, »

. Dist & i

¢ 30 October 1987 ; et

Annual Report (Interim Technical Report), 30 Sept. 1986 - 30 Sept. 1987

e
- - -

cory

Approved for public release, distribution unlimited. WSP?”ED

P

-

Prepared for

The Air Force Office of Scientific Research, United States Air Force

L and

* EUROPEAN OFFICE OF AEROSPACE RESEARCH AND DEVELOPMENT
London, England




T Ead o) b WAV T W E W W W W W W T W TR WS W W W= ——

INTERIM REPORT ON CONTRACT AFOSR-86-0332

WORK COMPLETED

To investigate the filtering of manifold valued processes, their
approximation by random walks and Markov chains was considered. In
particular, the papers of Gangolli, [Zeits. fur Warsch. 2(1964)), Jorgensen
(Zeits, fur Warsch. 32(1964)), and Bismut (Lecture Notes in Math. 866) were
studied. I also enjoyed extensive discussions on this topic with Peter
Antonelli of the Mathematics Department here at the University of Alberta,
and Tom Kurtz, Chairman of the Mathematics Department at the University of
Wisconsin. (I was able to talk with Dr. Kurtz at the American Math. Society
meeting in San Antonio and again at the meeting on Diffusion Approximations
in Austria.) The object was to approximate a signal process by a finite

state jump process for which a finite dimensional filter is available.

In principle the above program appears solvable. However, the

technicalites were quickly becoming complicated and tedious.

From January to April of this year Dr. Michael Kohlmann, Professor at
the University of Konstanz, W. Germany, visited me at the University of
Alberta. We have worked together in the past and this time our collaboration

was exceptionally productive, resulting in at least nine papers.

In the spring of 1986 I was Distinguished Lecturer at the Systems
Research Center, University of Maryland, which is directed by Dr. John Baras.
Part of my lectures concerned the optimal control of a partially observed
Markov chain and Dr. Baras and I began to discuss whether the techniques 1
used could be applied to partially observed diffusions or Ito processes.

Dr. Kohlmann and I were able to complete this program in [3]. It is shown
how a minimum principle, analogous to the Pontrjagin minimum principle, can
be obtained by differentiating the statement that a control u* is optimal.
Using backward and forward stochastic flows we explicitly compute the change

in the cost due to a ‘'strong' variation of an optimal control. The only

technical difficulty is the justification of the differentiation. The method




is conceptually and technically simpler than that employed by Haussmann
(S.1I.A.M. J. Control and Optimization 25(1987)), and the adjoint, or
co-state, process is identified. If the drift coefficient is differentiable
in the control variable we show how a minimum principle of Bensoussan,

(Stochastics 9 (1983)), follows from our result.

This spring I discovered a short, simple derivation of the integrand
when a martingale is represented as a stochastic integral. This result was
known, but previous proofs used, for example, perturbations in function space
and Girsanov's theorem; our proof just uses the differentiability of
solutions of stochastic differential equations and the Ito differentiation
rule. When the optimal control of a diffusion is considered, the minimum
expected cost from any time onwards is a martingale; this is just a
re-statement of the principle of optimality: if you have done your best so
far and will do your best from now on, you do not expect the expected value
of the minimum cost to vary. Using the representation theorem mentioned
above Dr. Kohlmann and I were able to write down the integrand in its
representation as a stochastic integral, [4]. This integrand is, in fact,
the adjoint process in the stochastic minimum principle and using stochastic
calculus we were able to derive the equation satisfied by the adjoint

process.

The Malliavin calculus is an infinite dimensional calculus of
variations in function space. It is a complicated and sophisticated subject,
with connections and applications in many areas, from H5rmander's results on
hypoelliptic partial differential operators, to large deviations and the
Atiyah-Singer index theory. Using the martingale representation result
mentioned above Dr. Kohlmann and I were able to give a simple proof of some
of the results of the Malliavin calculus concerning the existence of
densities for certain diffusions. These were presented in the invited paper

[1] given at the Workshop on Diffusion Approximation, International Institute

for Applied Systems Analysis, Austria, in July 1987.




In a paper in the Journal of Functional Analysis 44(1981), Bismut and
Michel apply a 'conditional' form of the Malliavin calculus to show the
existence of smooth densities for the conditional expectation of the signal
in filtering and smoothing problems. However, Bismut and Michel's paper is
complicated and hard to read. In [2] Dr. Kohlmann and I develop a
‘conditional' form of our simplified treatment of the Malliavin calculus and,
under Hormander's conditions on the coefficient vector fields, show the
existence of smooth conditional probability densities in the prediction,
filtering and smoothing problems. As noted in the paper, Hormander's
condition is a local condition so the results are true for manifold valued

processes.

TRAVEL AND EQUIPMENT
I used some of the travel funds to attend the January 1987 Annual

Meeting of the American Mathematical Society in San Antonio.

1 also was invited by Professor Kallianpur to speak at the meeting on
Diffusion Approximation held at the International Institute for Applied
Systems Analysis, Laxenburg, Austria in July 1987. My talk was well received
and is written up in [1]. I was also chairman of a session. En route I
stopped in England to visit Dr. Kopp in Hull. I have been appointed an
Honorary Professor at Hull University in England, and Dr. Kopp and I
completed a paper solving Kolmogorov's equations for stochastic flows. The
meeting in Austria paid me a per diem allowance, so only a portion of my

expenses for the trip were charged to the grant.

As requested in the grant, I have also purchased a Zenith AT, together
with a math-coprocessor chip and the Gauss software. The Gauss software is

quite fascinating and powerful, particularly for statistical problems. I

hope to use these to investigate simulations.
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o CONCLUSIONS

ot ‘ My work is going exceptionally well. As described above, I have

o derived results on stochastic control, the Malliavin calculus, and filtering.
e Possible extensions to be looked at this year include a simplified treatment
N of the Malliavin calculus for jump processes, a martingale representation and

t related results for non-Markov processes, and large deviations.

PN I hope the A.F.0.S.R. is pleased to be associated with what I have
Wy done, and I am pleased and grateful the contract has been renewed for a

" second year.
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W ' PUBLICATIONS

1. with M. Kohlmann, Martingale representation and the Malliavin calculus.
' Invited paper, Workshop on Diffusion Approximation, IIASA, Austria.

Submitted to Applied Math. and Optimization.

‘o 2. with M. Kohlmann, The existence of smooth densities for the prediction,

filtering and smoothing problems. Submitted to Acta Applic. Math.

A 3. with J. Baras and M. Kohlmann, The partially observed stochastic minimum

B principle. Submitted to S.I.A.M. Jour. Control and Opt.

*‘j 4, with Kohlmann, The adjoint process in stochastic optimal control.

o Submitted to Applied Math. and Optimization.
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